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The study analyzed the effect of using sawdust, cellulose, straw, and rice husk bedding on the welfare,
performance and meat quality of lambs during the ﬁnishing phase of fattening. Ninety-six lambs (fed ad
libitum with concentrate) were assigned to pens containing 1 of 4 bedding materials in groups of 12 for
14 days. Live weight and feed consumption were recorded to estimate daily gain and conversion index,
and carcass and meat quality variables were measured. Stereotypies, exploratory interactions with
bedding material, and agonistic and afﬁliative interactions between animals were recorded by contin-
uous sampling techniques using video recording. The substrates affected behavior and stress response
variables. There were more stereotypies and agonistic interactions at the beginning of the experiment in
all treatments (P  0.05). The lambs fattened on cellulose bedding interacted more with the substrate
throughout the ﬁnishing stage (P  0.05), where there were also more afﬁliative interactions (P  0.05).
Stress levels were lower in lambs on straw, followed by cellulose. No signiﬁcant differences in production
or carcass and meat quality traits were observed between treatments. The results suggest that all sub-
strates evaluated could be efﬁciently incorporated into the system as bedding material without affecting
productivity or product quality.
 2015 Elsevier Inc. All rights reserved.Introduction
Intensive production systems with barren environments may
cause chronic stress, which impairs the efﬁciency of feed utilization
and results in signiﬁcantly reducedgrowth rates (Swanson,1995). The
absence of environmental stimuli also produces behavioral changes,
which may indicate reduced welfare (Tuyttens, 2005). One approach
to solve conﬁnement-related problems in intensive production sys-
tems involves the manipulation of the animals’ environment to suitce: Dayane Lemos Teixeira,
Faculty of Veterinary Science,
oza 50013, Spain, Tel: 34
a).their needs (Swanson, 1995). Providing good bedding can be an
important way to enrich the environment in intensive systems.
Bedding should be sufﬁciently comfortable, dry, and soft to
ensure that the animals have appropriate resting space and can
perform behaviors that guarantee their welfare and productivity
(Tuyttens, 2005; Norring et al., 2010). The most traditionally used
bedding is cereal straw, which also serves as forage (Teixeira et al.,
2012). Straw is a major by-product from agricultural ﬁelds and is
currently the most frequently used bedding material in Europe
(Ericsson and Nilsson, 2006). The use of straw bedding in lamb
housing has a number of beneﬁts for lamb welfare, providing
comfort, encouraging the ontogeny of natural behavior, and
consequently, the lamb’s welfare (Teixeira et al., 2012). However,
the use of straw as bedding has some disadvantages as it increases
production costs (e.g., the cost of straw itself, increased labor,
transport, and storage), is incompatible with liquid manure
Figure 1. The lambs were housed on 1 of 4 bedding substrates: sawdust (1), cellulose (2), straw (3), and rice husk (4).
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microbiological characteristics after use (Teixeira et al., 2014).
Experts in farm animal welfare assign considerable importance
to the availability of a substrate such as straw in the assessment of
housing systems (Spoolder et al., 2003). In the European context,
straw can be a high-cost bedding material in pastoral regions
without arable cropping, and the rising cost of haulage and alter-
native uses for arable by-products can exacerbate this problem
(Teixeira et al., 2012). The demand of straw as organic material to
amend soils to ensure sustainable crop production and the use of
straw as a source of biomass for energy production may be 2 other
reasons for the increase in the cost of straw as bedding or forage in
intensive lamb meat systems (Gauder et al., 2011). Consequently, as
straw costs could potentially increase further, the lamb meat in-
dustry is seeking alternative bedding materials. System managers
require clear guidance and information on the suitability of po-
tential alternative bedding materials and their effect on the welfare,
performance andmeat quality of their animals, as well as the cost of
using them. In our study, in addition to straw, we analyzed 3 sub-
strates that are relatively frequent in the Aragón region of Spain,
sawdust, rice husk, and a by-product of cellulose (LER-030310, a by-
product of the paper industry). The aim of our studywas to evaluate
the effect of using 3 alternative bedding materials other than straw,
on lamb welfare, productive performance, and meat quality during
the fattening phase.
Material and methods
The study was carried out at the experimental farm of the Uni-
versity of Zaragoza, Spain (latitude 41410N), betweenMay and June
and with a 1-week interval between replicates. The area is located
in the Ebro River depression, characterized by a dry Mediterranean
climate with an average annual temperature of 15C and an average
317 mm annual rainfall. All protocols were approved by the Animal
Experimentation Ethics Committee of the University of Zaragoza.
Animals and treatments
A total of 96 clinically healthy, entire male lambs of the Rasa
Aragonesa breed were assigned to 2 consecutive replicates. Average
live weight on arrival to the feedlot classiﬁcation centrewas 19.11
1.07kg, and lambswere approximately 80daysold. In each replicate,
48 animals were kept in a holding pen with solid ﬂoor during
24 hours after arrival to the experimental unit, placed randomly into
1 of 4 groups (12 lambs each) and fattened for 14 days (ﬁnishingphase). In the original farm and holding pen, all animals had been
reared on a solid ﬂoor, without any bedding. All animals were indi-
vidually marked with numbers on their sides and backs with black
livestock paint spray. Each group of 12 lambs was housed in 2.9 
3.7 m pens (stocking density 0.90 m2 per lamb) with 1 of 4 alter-
native bedding materials: sawdust, cellulose (the substrate that
meant the industrialwasteof paper andpulp. The Spanish registered
code is LER-030310), straw, and rice husk (Figure 1). All pens had a
similar size and bedding material was always 10-cm deep at the
beginning of each trial. The cellulose was delivered baled, and the
other substrates were delivered loose in bulk. The amount of each
beddingmaterial (expressed inkg/m2)used tocover theﬂoor (10-cm
thick) in each treatmentwasweighed. The costs of beddingmaterial
(retail price/kg) were V0.15 for sawdust, V0.05 for cellulose, V0.06
for straw, andV0.055 for rice husk at the time of the study. No fresh
bedding material was provided during the experiment.
All groups were fed ad libitum with pellet concentrate in a
feeder, as well as with fresh water in a drinker bowl. The com-
mercial concentrate (Ovirum High Energy, Oviarago’n Alimentos,
Zaragoza, Spain) contained barley, corn, wheat, vegetable fat, soy-
derived products, sugarcane molasses, calcium carbonate, sodium
chloride, and a vitamin mineral corrector (18% crude protein and
3.5 Mcal/kg dry matter/day of metabolizable energy). Following the
commercial protocol, animals were electrically stunned and
slaughtered in a European Union-approved slaughterhouse using
standard commercial procedures after which instrumental meat
quality was analyzed.
Behavioral measures
A video recording device (model VDVR-9, Circontrol S.A., Ter-
rassa, Spain) was set up in a room close to the pens to record
behavior. One camerawas placed in front of each pen, 220 cm above
the ground. Continuous behavior sampling was recorded for
12 hours a day (8 AM-8 PM) on days 1, 8, and 12. Each video was
observed by the same trained observer based on continuous
behavior sampling (Martin and Bateson, 1993) to record the fre-
quency of stereotypies, bedding interactions, and agonistic and
afﬁliative interactions between animals (Table 1).
Physiological measures
Blood samples were taken by jugular venipuncture after
behavioral observations on days 1 and 8 (two 10-mL tubes were
collected per animal, with and without anticoagulant, EDTA-K3).
Table 1
Description of behaviors collected during observations
Behaviors Description
Stereotypies Repetitive and seemingly functionless oral and oronasal
activities (including licking or gnawing feeders, walls, fences,
wood, and metal), if perceived as such (according
to Mason and Rushen, 2008)
Bedding
interactions
Nuzzling or scratching the substrate
Agonistic
Butts Using its forehead to hit another lamb on any part of its body
Pushes Using its body to push another lamb to access the feeder or
water trough
Mounting Mounting another lamb from behind to move the latter,
without an apparent sexual function
Kicking Hitting another lamb on any part of its body, with its forelegs
Threats Turning toward or approached another lamb with its head
down and then lunged, without contact
Displacing
another
Moving toward another lamb, causing the latter to walk or
run away
Afﬁliative
Rubbing Rubbing another lamb
Nibbling Grooming another lamb’s body using its teeth
Licking Licking the body of another lamb
Snifﬁng Snifﬁng the body of another lamb
The ethogram was based on the study by Teixeira et al. (2012).
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group. Samples were kept on ice for <1 hour and taken to the
laboratory for routine hematologic measurements. The EDTA
plasma and serum were centrifuged at 1509g for 10 minutes and
aliquots were frozen and kept at 30C until analyzed. An auto-
matic particle counter (Microcellcounter F-800 and Auto dilutor
AD-260, by Sysmex) was used to count red blood cells and white
blood cells (number per mm3), hemoglobin (g/dL), and hematocrit
(%). The leukocyte formula was estimated from blood swabs on
clean slides. Staining was performed by the rapid panoptic method
using dyes from Química Clínica Aplicada Inc.. With an optic im-
mersion microscope (Axiolab re, Carl Zeiss), we counted and
identiﬁed 100 leucocytes per sample (neutrophils, lymphocytes,
eosinophils, basophils, and monocytes).
The plasma concentration of cortisol was determined (sample
with EDTA-K3) by enzyme immunoassay using an “in-house kit”
(Chacón et al., 2004). Each sample was determined in duplicate
from 50 mm3 of plasma and the results were expressed in ng/nL
with the corresponding controls. Serum concentrations of glucose
(mg/dL) and nonesteriﬁed fatty acid (NEFA; nmol/L) and the activity
of creatine kinase (CK; UI/I) were analyzed by a multianalyzer ACE
(clinical chemistry system of Alfa Wasserman), with commercial
kits (Glucose Ref. AE2-17; NEFA C Ref. 994-75409 of Wako and CK
NAC Ref. AE1-13, respectively). The concentration of lactate was
determined using a Sigma Diagnostic kit (lactate no 735-10) and
spectrophotometer (Lambda 5, PerkinElmer), and the results were
expressed in mg/dL.Table 2
Technoeconomic indicators of each bedding substrate used to ﬁnish 12 lambs in 1
pen of 10.73 m2
Variables Bedding substrates
Sawdust Cellulose Straw Rice husk
Amount (kg/m2) 8.41 5.24 1.62 4.36
Total amount (kg) 90.24 56.25 17.38 46.78
Availability in Spanish market L M H MH
Price (V/kg) 0.15 0.05 0.06 0.055
Total ﬁnishing costs (V) 13.54 2.81 1.04 2.57
Impact (%) on lamb price (60 V) 1.8 0.04 0.01 0.03
H, high availability; L, low availability; M, medium availability; MH, medium or high
availability.Productive performance and meat quality
Fasted animalswereweighed individually at the beginning of the
experimental period (W1) and just before transport to the slaugh-
terhouse (W2). The overall average slaughter live weight was 22.54
 0.35 kg, within the Ternasco-type category (Sañudo et al., 1996).
Concentrates were weighed into the feeder, and feed remaining in
the feeder at the end of the experiment was weighed out. We esti-
mated the total consumption of concentrate (CO) as the difference
between the concentrate added and the concentrate refused.
Average daily gainwas estimated as the difference betweenW2 and
W1 (WG) divided by the total fattening days (14). The conversion
index was estimated as CO/WG. The animals were slaughtered at an
European Union-approved abattoir located in the city of Zaragoza.
After overnight lairage in pens with cemented walls and nonskid
ﬂoors (water available but no food), lambswere electrically stunned
and dressed using standard commercial procedures.
After dressing, the carcasses entered a freezing tunnel that led to
a chill room kept at 2C-3C, with an air velocity of 0.5 m/s until
24 hours postmortem, after which cold carcasses were weighed.
The chilling system complied with the quality certiﬁcation GS1
standard AECOC (http://www.aecoc.es). Carcasses were classiﬁed
using the EUROP classiﬁcation scale for conformation (CONF; E,
excellent; U, very good, R, good; O, fair; P, poor), scoring from 15 for
Eþ to 1 for P. For the fat cover classiﬁcation (1, low; 2, slight; 3,
average; 4, high; 5, very high) the score was 15 for 5þ very high to 1
for 1 (European Union, 1993). The extent of bruising on the
carcasses was estimated visually. Each carcass received a score of
0 (no bruising), 1 (slight bruising), 2 (moderate bruising), or 3 (high
bruising).
After chilling for 24 hours, the longissimus muscle was removed
and after 1 hour of oxygenation, a portable pH meter (ﬁtted with a
penetration electrode 52e00 from Crison Instruments, Barcelona,
Spain) was used, which was inserted into a small incision in the
right loin (L2-L3 vertebrae) to determine pH 24 hours postmortem
(pHult). The pH meter was recalibrated at the same temperature of
the room (5C) after every 5 samples using 2 standard buffer so-
lutions at pH 7.0 and 4.0. The meat color was estimated with a
Minolta CR-200b, following the CIE L*a*b* system (CIE, 1976). The
color of fresh meat was measured on the cut surface of the middle
section. The colorimetric indices of chromaticity {C*¼ [(a2þ b2)1/2],
quantity of color} and hue [h* ¼ 1/tan(b*/a*), real color] were
calculated. Final values were the average of 3 measurements.
Statistical analysis
Data were analyzed using SAS/STAT (9.1 SAS Inst. Inc., Cary, NC,
USA) by SAS (1988). Data were tested for normality before analysis
by examination of box and normal distribution plots and trans-
formed when necessary. The behavior data observed as a contin-
uous sampling were transformed by the square root function. These
behaviors (average per animal per day) and physiology were
analyzed using PROC MIXED with repeated measurements (day)
and treatment as the ﬁxed effects and the lamb as the random ef-
fect. The original full model included the effect of replicate, which
was found to be nonsigniﬁcant and consequently was dropped from
the model. Least square means of the number of behaviors are
expressed per day and per animal. Production andmeat quality data
were analyzed using the least square methodology of the GLM
procedure of SAS (SAS, 1988), ﬁtting a 1-way model with a ﬁxed
effect of type of substrate (4 levels). The general representation of
the model used was: y ¼ Xb þ e, where y was an N  1 vector of
records, b denoted the ﬁxed effect in the model with the association
matrix X, and ewas the vector of residual effects. For meat variables,
the model was covariated with cold carcass weight. Least square
Figure 2. Evolution of the number of stereotypies, agonistic and afﬁliative behaviors, and interactions with the substrate per animal per day during the ﬁnishing phase of fattening.
The lambs were housed in 1 of 4 bedding substrate: sawdust ( ), cellulose ( ), straw ( ) and rice husk ( ). Different letters (a, b, c) represent signiﬁcant dif-
ferences (P < 0.05) between days within treatment. Different letters (x, z) represent signiﬁcant differences (P < 0.05) between treatments within day.
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values 0.05 was deemed to be statistically signiﬁcant.
Results
Economic aspects
The amount of each bedding material (expressed in kg/m2) used
to cover the ﬂoor (10-cm thick) is presented in Table 2, as are the
estimated costs, calculated using the commercial prices of each
substrate (V/kg). Considering the total amount of each bedding
material used in each pen, the sawdust bedding was clearly the
most expensive substrate. Straw bedding was the cheapest sub-
strate, being 13 times cheaper than sawdust. The cost of cellulose
and rice husk was similar and around double of the price of straw
bedding.
Behavioral measures
The least squaremeans standard error of the square root of the
number of interactions with the bedding material, agonistic and
afﬁliative interactions between animals, as well as the stereotypic
behaviors observed per day and per animal are presented in
Figure 2. The use of different types of bedding signiﬁcantly affected
the frequency of the lamb behavior (P  0.05). A signiﬁcant effect
was also observed for sampling day in each treatment (P 0.05). No
signiﬁcant differences were found regarding the frequency of
stereotypic behaviors between treatments on days 8 and 12;
however, the lambs on sawdust and cellulose substrate performed
more stereotypies than the animals on straw on day 1. There was a
high frequency of stereotypic behaviors at the beginning of the
experiment in all treatments. On days 8 and 12 of fattening, the
levels of stereotypic behaviors decreased considerably in all 4
treatments (P  0.05).In general, the lambs fattened on cellulose bedding interacted
more with the substrate throughout the ﬁnishing stage. On day 1,
lambs on cellulose bedding and straw interacted signiﬁcantly more
(P 0.05) with the bedding substrate than sawdust or rice husk. No
differences between these 2 last substrates were observed.
Throughout the ﬁnishing stage, animals on cellulose explored the
bedding more often. Lambs interacted more with the sawdust
bedding on day 8 compared to day 1 (P  0.05). However, with
straw, interaction decreased during the ﬁnishing period (P  0.05).
With the exception of the animals on straw bedding, agonistic
interactions showed a very similar pattern to that of stereotypic
behavior, that is, there were more at the beginning of ﬁnishing and
they gradually decreased (P  0.05). Afﬁliative interactions were
practically constant in lambs on straw bedding. In the case of the
other 3 substrates, a descendant-ascendant pattern was observed
with a low point on day 8. Consequently, it was observed that in-
teractions that were interpreted as afﬁliative were signiﬁcantly
higher on days 1 and 12 in lambs on straw than in the lambs on the
other 3 beddings (P  0.05).Physiological measures
Table 3 shows the least square means  standard error for
plasma and hematologic indicators of welfare of the lambs fattened
on each bedding material. In the conditions in which our study was
performed, bedding substrate appears to affect some variables
during adaptation to the ﬁnishing phase of fattening. On both blood
sampling days, the concentration of plasma cortisol was lower in
animals on straw than on sawdust. Lactate concentration was
lowest on day 8 with lambs on sawdust compared with the other 3
treatments. On day 1, lactate was lowest in lambs on cellulose
compared with those on sawdust or straw. Glucose levels were
highest on day 1 in lambs on straw compared to those on cellulose
and rice husk. No differences were detected in NEFA concentrations.
Table 3
Least squaremean (standard error) for the effects of alternative bedding substrates on lambwelfare indicators during the ﬁnishing phase of fattening (sampling days 1 and 8)
Variables Day Bedding substrates
Sawdust Cellulose Straw Rice husk
Cortisol (ng/mL) 1 14.86  1.71x 10.56  1.71xy 9.65  1.71y 10.87  1.71xy
8 15.25  1.71x 11.74  1.71xy 9.75  1.71y 11.76  1.75xy
Lactate (mg/dL) 1 20.04  2.28x 12.77  2.23ay 22.22  2.23x 17.46  2.23xy
8 16.17  2.23y 22.74  2.23bx 18.24  2.23x 17.69  2.28x
Glucose (mg/dL) 1 112.58  5.58xy 107.13  5.58y 124.25  5.58ax 108.17  5.58y
8 115.00  5.58 110.00  5.58 107.13  5.58b 110.70  5.57
NEFA (nmol/L) 1 0.07  0.01 0.11  0.01a 0.08  0.01 0.10  0.01
8 0.08  0.01 0.06  0.01b 0.06  0.01 0.06  0.01
CK (UI/L) 1 171.42  17.68a 179.17  17.68 137.46  17.68 165.08  17.68
8 117.50  17.68b 155.04  17.68 98.71  17.68 139.52  18.06
Ratio N/L 1 0.57  0.10y 0.85  0.10ax 0.67  0.10xy 0.48  0.10y
8 0.49  0.10 0.54  0.10b 0.59  0.10 0.58  0.10
WBC (103/mm3) 1 6.80  0.87 6.54  0.90 6.84  0.87 7.61  0.87
8 6.07  0.61 6.84  0.64 7.46  0.63 6.52  0.61
RBC (106/mm3) 1 9.95  0.25a 10.41  0.26 10.50  0.25 10.79  0.25
8 10.87  0.17b 10.27  0.18 10.31  0.18 10.62  0.17
HTO (%) 1 30.55  0.94ay 32.91  0.98xy 32.67  0.94xy 34.88  0.94x
8 33.33  0.66b 31.91  0.69 32.21  0.68 33.35  0.66
HAEM (g/dL) 1 10.94  0.22x 10.55  0.22xy 10.07  0.22y 10.68  0.22x
8 10.99  0.15x 10.39  0.16y 10.26  0.16y 10.54  0.15y
CK, creatine kinase; HAEM, hemoglobin; HTO, hematocrit; NEFA, nonesteriﬁed fatty acid; Ratio N/L, neutrophil-to-lymphocyte ratio; RBC, red blood cells; WBC, white blood
cells.
Different letters (a, b) represent signiﬁcant differences (P < 0.05) between days within treatment. Different letters (x, y) represent signiﬁcant differences (P < 0.05) between
treatments within day.
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the experiment, particularly in lambs fattened on sawdust bedding.
With regard to the N/L ratio, no differences were detected between
treatments by day 8 of the trial; however, at the start of the
experiment, the lambs on cellulose bedding had a signiﬁcantly
higher ratio (P  0.05) compared with the lambs fattened on
sawdust or rice husk. This difference was not detected when
compared with the lambs on straw bedding, which also had a
slightly higher N/L ratio. No differences were detected for white and
red blood cells between treatments on either of the sample days,
except for lambs on sawdust, which hadmore red blood cells on day
8 compared to day 1. At the beginning of the experiment, hemat-
ocrit values were higher in lambs on rice husk bedding compared
with the lambs on sawdust bedding; however, those differences
disappeared halfway through the experiment. Nevertheless, in the
lambs on sawdust bedding, an increase in hematocrit values wasTable 4
Least squaremean (standard error) for the effects of alternative bedding substrates
on production traits and meat quality variables during the ﬁnishing phase of
fattening
Variables Sawdust Cellulose Straw Rice husk
Initial weight (kg) 19.00  0.32 19.19  0.31 18.89  0.32 19.00  0.32
Final weight (kg) 22.81  0.34 22.78  0.35 22.22  0.35 22.35  0.36
Average daily
gain (g)
0.27  0.02 0.28  0.02 0.26  0.02 0.26  0.02
Conversion
index (kg)
4.14  0.31 3.61  0.31 4.15  0.32 3.76  0.33
Carcass weight (kg) 10.45  0.18 10.51  0.18 10.28  0.18 10.55  0.19
Bruising (0-3) 0.54  0.17 0.61  0.17 0.27  0.17 0.57  0.18
Conformation score 4.37  0.33 5.17  0.33 4.54  0.34 4.28  0.35
Fat cover score 4.21  0.25 4.04  0.25 3.95  0.26 4.43  0.27
pH24 5.66  0.02 5.63  0.02 5.65  0.02 5.68  0.02
Color
L* (lightness) 43.85  0.66 43.70  0.67 43.95  0.66 43.08  0.67
a* (redness) 16.67  0.42 16.53  0.43 16.83  0.42 17.11  0.43
b* (yellowness) 7.14  0.23 7.01  0.23 7.31  0.23 7.34  0.23
Chromaticity
(a2þb2)1/2
18.14  0.46 17.97  0.48 18.36  0.46 18.63  0.48
Hue 1/TAN(b*/a*) 23.15  0.42 23.03  0.43 23.42  0.42 23.18  0.43recorded between days 1 and 8. At the start of the experiment, the
lambs fattened on sawdust and rice husk bedding showed signiﬁ-
cantly higher hemoglobin values than those on straw; however, by
day 8 of the study, only the lambs on sawdust bedding kept high
values for this variable.
Productive performance and meat quality
The least square means  standard error for productive perfor-
mance and quality variables of the carcass and meat of lambs
fattened on 4 types of bedding substrates are listed in Table 4. In
general, all the treatments revealed productivity and quality values
that came within the expected ranges for this type of commercial
lamb. Under our study conditions, we did not ﬁnd any signiﬁcant
effects of substrate type on these variables, which are of great
relevance for the efﬁciency of the production system.
Discussion
Economic aspects
Straw substrate was the cheapest substrate used in our experi-
ment to cover the pen ﬂoor (10-cm thick). The cellulose bedding,
which initially seemed to be the newest substrate, had a higher
price per kilogram than straw. However, as it is sold baled, the
higher initial price is compensated by cheaper transportation costs.
The main problemwith the cellulose substrate is low availability as
it is not normally available on the commercial market, although it is
normally used as bedding in aviculture. An important advantage of
this substrate is that it is recycled from the paper industry (LER-
030310). On the other hand, the amount of straw used (kg/m2) was
less than the other bedding materials, which would promote its use
as amore economic alternative, where it is available. From the point
of view of availability in the Spanish market, straw is the most
available, followed by rice husk (Aragón produces large amounts of
those cereals). It should be underlined that the prices used in our
studymay vary signiﬁcantly depending on themarket. For example,
at that time of the experiment, the price of the sawdust substrate
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industry (of which sawdust is a by-product).
Behavior measures
Although previous works have already reported less stereotypic
behaviors in the lambs on straw bedding than those on slats
(Cooper and Jackson, 1996) or without any bedding substrate
(Teixeira et al., 2012), the results of the present study also suggest
that straw bedding can minimize the frequency of stereotypic
behavior compared to other bedding substrates. However, these
abnormal behaviors decreased throughout fattening, and the dif-
ferences between treatments disappeared halfway through the
ﬁnishing stage. In our study, the most apparent cause of stereo-
typies may be related to the lack of stimulation and the initial social
conditions at the beginning of the study. After the ﬁrst few days of
fattening, stereotypic behaviors dropped to less than half, for all the
substrates, although a slight increase was observed toward the end
of ﬁnishing, probably because of the inﬂuence of other types of
intermittent, low-intensity environment stressors.
The substrate that aroused the most exploratory behavior in
lambs was cellulose, which is not in accordance with their clear
preference for sawdust when all substrates are available simulta-
neously (Teixeira et al., 2013). Initially, straw bedding also awak-
ened great interest in the animals but it dropped off suddenly
toward themid point of the ﬁnishing stage. That is possibly because
straw quickly changes its chemical and microbiological character-
istics throughout the ﬁnishing stage (Teixeira et al., 2014). Sawdust
and rice husk produced an average level of interest that increased
slightly over the fattening period. To our knowledge, no studies
have considered the interaction among lambs using different types
of bedding substrates.
The same decreasing tendency observed in stereotypic behav-
iors throughout fattening was also observed in relation to agonistic
interactions. However, in this case, there were no initial differences
between substrates, probably because the lambs had been
regrouped (Miranda-de la Lama et al., 2012). The afﬁliative behavior
recorded throughout the fattening stage was greater at the begin-
ning and middle of the trial, with the exception of the straw
treatment, where it remained constant throughout the whole
period and was less frequent than other substrates on day 1 and 12.
Although a treatment with no bedding substrate was not included
in this study, it seems that the lambs reared on all 4 substrates
displayed less agonistic and more afﬁliative behaviors at the
beginning of the study than those without bedding substrate
evaluated in the study of Teixeira et al. (2012). That comparison
suggests a lower biological cost of adaptation to ﬁnishing pens
when bedding is present.
Physiological measures
In our study, cortisol levels were higher for lambs housed on
sawdust and lowest for those housed on straw. The other 2 bedding
materials had intermediate levels. In general, cortisol levels
remained within a similar range throughout the fattening stage,
which indicates that the initial stressors (transportation, classiﬁ-
cation, and new environment) were followed by low-intensity,
intermittent stressors, probably resulting from the ﬁnishing envi-
ronment itself. Although cortisol levels were high in relation to the
basal levels for the species (Cook, 1996), they did not represent a
strong stress response with a high biological cost (Hargreaves and
Hutson, 1990). Apple et al. (1995) studied the effect of isolation in
lambs with much higher cortisol levels, even in control animals
(approximately 35 ng/mL). However, we have to consider possible
breed differences. The Rasa Aragonesa is a typical Mediterraneanbreed well adapted to an agroecosystem that combines extensive
(breeding phase) and intensive (fattening stage) phases.
Stress increases the levels of circulating adrenaline, inducing
catabolism of muscle glycogen to be used in the liver for gluco-
neogenesis, which increases glucose and lactate levels (Apple et al.,
1995). Therefore, energy-related variables should be included to
assess animal welfare in stressful situations such as handling and
poor quality facilities. In relation to these energy indicators, in our
study, we observed slight differences between treatments for
lactate and glucose. The lambs on cellulose bedding had lower
lactate levels on day 1 than on day 8, and those on straw bedding
had higher glucose on day 1 than on day 8. Teixeira et al. (2012),
studying the same type of lambs, reported higher levels of glucose
and lactate for animals without any bedding substrate compared
with those on straw. Furthermore, the ﬁndings reported by Teixeira
et al. (2012) seem to be higher than the levels of glucose and lactate
found for the lambs on any of the 4 bedding substrates assessed in
the present study after 1 week of fattening. Again, the slight dif-
ferences that we found for these indicators were always within the
ranges normally observed for low-intensity stressors (Dubreuil
et al., 2005). From the physiological results obtained, we can
deduce that none of the substrates used provoked high levels of
stress. Barnett and Hemsworth (1990) suggest that an increment of
>40% in basal glucose levels indicates a negative effect on animal
welfare. However, in the present study, glucose concentration did
not exceed 10% of the basal levels for animals of this category.
Chronic stress situations can lead to a state of immunode-
pression that can be evaluated by examining the N/L ratio. In our
study, the N/L ratio suggested little immunodepression of lambs in
any of the substrates analyzed. Only the animals on cellulose
showed a slightly higher N/L ratio but below levels that could be
considered to pose a health risk. In fact, none of the lambs showed
any clinical signs of illness. However, it should be noted that the
fattening period considered was quite short. In a longer fattening
period with heavier lambs, bedding conditions may have had more
of an effect on lamb health. Similarly, Teixeira et al. (2012) found no
signiﬁcant differences in the N/L ratio between treatments (straw
bedding vs. without any bedding substrate).
With regard to the hematologic data, apart from the N/L ratio
already mentioned, no large differences were observed for red or
white blood cells being within accepted ranges for clinically healthy
animals (Kaneko et al., 1997). Hematocrit values were slightly
higher in lambs on rice husk bedding and lower in those on
sawdust. However, the difference between the highest and lowest
values was no more than 15%, which does not imply dehydration,
which tends to increase with stress, such as during transport
(Knowles, 1998).
In response to an acute environmental challenge, animals
display the ﬁght or ﬁght response, increasing their muscular ac-
tivity. During vigorous exercise, muscle may get damaged or
fatigued, releasing the CK enzyme into the blood (Knowles et al.,
1998; Van de Water et al., 2003). As a result, plasma CK is gener-
ally considered an indicator of physical stress because of intense
activity to cope with environmental challenges. Although there was
a decreasing tendency for sawdust lambs, the values observed for
lambs in the 4 bedding materials are within normal ranges for the
species (Dubreuil et al., 2005). On the other hand, Teixeira et al.
(2012), studying the same type of lambs, reported higher CK
levels for lambs fattened without any bedding substrate.
Productive performance and meat quality
Stressful episodes caused by poor environmental conditions
during the ﬁnishing phase of fattening can decrease the perfor-
mance of feedlot animals (Hahn, 1994). Management strategies
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stress-related production losses arewarranted. The lambs from all 4
substrates in our study displayed acceptable productive perfor-
mance within expected ranges for this lamb category. From that
point of view, all 4 substrates could be successfully included in the
production system. Thus, depending on cost and availability,
farmers have valid and efﬁcient options to make the right decision
in each situation.
In general, the production data were much better than those
recorded byWolf et al. (2010), who found increases of between 130
and 150 grams daily, without ﬁnding signiﬁcant differences be-
tween the 2 types of substrates tested. However, that study used
breeds of lambs with older chronological and physiological ages
than in our study. On the other hand, Fluharty et al. (1999) found
that lambs housed on straw bedding grew faster than those housed
on sand, but they did not ﬁnd any differences in the consumption of
dry matter or conversion efﬁciency. Their average daily growths are
similar to our study, but they used British lambs with a higher
slaughter weight.
In our study, there were no differences in carcass performance
between lambs fattened on the 4 types of substrate. Neither did we
observe any differences for cold carcass weight, carcass conforma-
tion, or fatness. There were also no differences in the prevalence of
hematoma on the carcasses. Of all of the meat quality parameters
that are usually analyzed, pHult is perhaps the most important.
Therewere no differences between treatments for this variable, and
the pH was always within the range established for commercially
optimummeat (Gregory, 2007). Nevertheless, there are studies that
show that stressful situations such as isolation or conﬁnement may
cause signiﬁcant reductions in glycogen reserves in muscles, pro-
ducing meat with pHult values >6, resulting in dark meat (Apple
et al., 1995). The color of the meat from animals housed on the 4
types of substrates was normal, in line with the known character-
istics of Ternasco-type lambs (Ripoll et al., 2008).
Conclusions
The results of our study suggest that the bedding substrate
affected lamb behavior during the adaptation to a new physical and
social environment in the ﬁnishing phase of fattening. The lambs
on cellulose manipulated it more. There were no signiﬁcant dif-
ferences in the stress response with regard to substrate. All sub-
strates evaluated could be efﬁciently incorporated into the system
as bedding material without affecting productivity or product
quality. At this moment, straw is the best option for bedding as it
preserves lamb welfare and guarantees performance and product
quality at a lower cost, but cellulose may be a competitive andmore
sustainable option in the future as it becomes more available on the
market.
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